The computer unit (top left) housing the adaptive computer program, controlled the syringe driver (lower right).
This apparatus was built, based on a model developed at the Department of Electrical Engineering, Monash University. The Head of Department, Professor Douglas Lampard (Hon. F.F.A.R.A.C.S.) was very interested in biophysics and developed a physiological laboratory. A fortuitous association with Dr Noel Cass (based on a common interest in jazz) led to the development of apparatus for stimulating a motor nerve and recording the electrical activity of the stimulated muscle. The socalled compound electromyogram (EMG) could be converted to a digital output, thus measuring the level of paralysis of the muscle when neuromuscular blocking drugs were given. The work was based on electrophysiological studies which had been the subject of the Nobel Prize-winning research Professor J. V. Eccles at the Australian National University, Canberra.
The important feature of this equipment was that it separated the EMG signal from background electrical 'noise,' enabling the studies to be done in both the laboratory and the operating room. The signal could then be used via an adaptative computer program to operate a syringe drive. As the signal diminished in amplitude, less of the relaxant was given, and as recovery was measured more of the drug was injected. A steady state of paralysis could thus be maintained: 90% paralysis was sufficient for surgical anaesthesia. The dosage was recorded with relation to time, giving pharmacokinetic data on the drug being administered. The effect of an antagonist drug (neostigmine) could also be recorded. It is interesting to note that similar equipment was devised at the same time in Finland.
For clinical work, stimulation was applied to the median or ulnar nerve at the wrist by a constant current pulse and the EMG was recorded from the thenar or hypothenar muscles in the hand. It was well known that these were much more susceptible to neuromuscular blocking drugs than the respiratory muscles, so that a measurable recovery in the monitored muscles meant that the airway and respiratory muscles were well-advanced postoperatively -ensuring a margin of safety with this machine.
Professor Lampard encouraged collaborative work with clinicians, both medical and veterinary. Drs Noel Cass and Kester Brown became honorary research associates in his department, proposing projects related to clinical studies and problems. Other collaborators were senior members of the department, Dr W. A. Brown and Dr K. C. Ng. Hence research on problems related to anaesthesia was possible when funding was minimal. To recoup the costs of the biophysics laboratory the prototype of the apparatus was assigned to a commercial manufacturer, and that unit was the first from the assembly line.
The apparatus was used as a clinical monitor at the Royal Children's Hospital, Melbourne, for about 15 years in both prototype and final form. Among several studies, it was shown that the dosage of neuromuscular blockers fell by about 50% if halothane or isoflurane anaesthesia was used instead of nitrous oxide-oxygen alone. Conversely, with trichorethylene (Trilene) the dose rate increased, probably due to increased muscle spindle cell activity which increased muscle tone when this drug was given. (A sideeffect of this was tachypnoea due to decreased compliance of the chest wall.) Another study showed that children with malignant tumours of kidney, liver or bone required larger doses of d-tubocurarine or alcuronium, in contrast to those with benign tumours or those whose malignant tumours had been treated successfully by radiation, chemotherapy or surgery, who responded normally. An important further finding was that patients with severe burns became very sensitive to the depolarizing blocker suxamethonium for a short period of about a week following burn injury, before the tendency to hyperkalaemia developed: 0.1.mg/kg could produce about 90% paralysis (about one tenth the usual dose). The larger dose has been associated with cardiac arrest from a dose-related rise in plasma potassium level which occurs from a week to ten days after the burn injury. Jim Villiers, a Melbourne anaesthetist, reported the first case.
The limitation of the electromyographic monitor was that there was found to be a random variation in the pattern of the muscle fibres' response to stimulation, leading to an unacceptable variation in the EMG output unless invasive electrodes were placed in the muscle (which was acceptable in the animal laboratory for research work). A number of studies were designed in an effort to lessen this variability, including various types of adhesive surface electrodes. Workers in several centres as well as Melbourne were unable to find a recording technique which would overcome the disadvantage of this random variation which reduced its reliability, causing interest in clinical electromyography in anaesthesia to wane. At the same time the introduction of the laryngeal mask greatly decreased the need for relaxant-assisted endotracheal intubation, monitoring of paralysis becoming less important.
N. M. CASS T. C. K. BROWN Royal Children's Hospital, Melbourne, Victoria 
